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Apparatus and method for controlling 
masB flow rate In rotary coaprBssorB 

T^e present Invention Involves Improvenents In 
apparatus and nethods for controlling nasB flow rate In 
rotary coBpressors , especially but not exclusively In 
coapressors used In recuperated gas turbine engine 

5 applications. 

Tbs power output of conventional gas turbine engines 
can be varied by changing the turbine Inlet temperatures, 
such as by reducing fuel flou. Hoviever, It Is known that 
substantial Increases In the part load efficiency can be 

10 achieved if the aass flow race of the combustion air is 
reduced to nalnca.in high turbine Inlet temperatures, 
particularly in recuperated gas turbine engine applications. 
It Is also known that precise control of the combuBtion 

15 undesirable hydrocarbon and mitrogen oxide emissions. 

Previous attempts to change or control the air aass 
flow rate in externally driven compressors, such as 
compressors driven by an electric motor or compressor 
section of gas turbine electrical power generator units, 

20 Involve the use of guide vanes In the compressor Inlet that 
are moveable to induce swirl in the incoming air to change 
the angle at which the inlet air enters the compressor 
blades. Host compressors are designed to have blade shapes 
and angles of attack orientation selected to obtain optlmuo 

25 mass flow rate' at rated speed. These design point conditions 
generally presuppose inlet air incident at a fixed, 
predetermined angle relative to the axis of rotation of the 
coarpressor. Inlet air flow incident at angles different 
from the design value, such as occurs when swlcl Is 

30 introduced or the amount of swirl is changed, causes the 
nass flow rate through the apparatus to change from the 
design value. 

A problem with conventional swirl-induclng guide vane 
apparatus used to vary the mass flow rate in compressors is 
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that cbe naxinuB degree of turRlne or Bwtrl schlevable 
ttlthouC sabEtantlal separation with a single set of vaaas Is 
approximately 15', while variations in the swtrl angle of 
about 30* nay be desirable in certain applications, such as 

5 compressors used in gas turbine engines, In order to achieve 
high Chernal efficiency throughout Che entire operating 
range. Although moveable vanes with turning angles greater 
than 15* have been attempted, these are susceptible to 
severe separation and consequent losses. Various attemptB 

10 have been made to circumvent this problem such as by the use 
of two-piece articulated vanes having a fixed leading 
portion and a moveable trailing or tail portion^ Another 
proposed solution utilizes two sets of vanes, a fixed set 
imnedtately upstream of a moveable set to achieve eeeentlaly 

15 the same function as the articulated vanes. These solutloas 
ate not satisfactory as less than the desired range of 
turning can be achieved in practice commensurate with the 
req.ulreBeot for a reasonably Xo« aerodynamic loss. 

It is believed that the deficiencies of the prior art 

20 stem in large part from the close aerodynamic coupling 

between the front and rear portions of the articulated vanes 
and betveen the upstream and downstream separate sets of 
guide vanes. Khlle It is believed that the reason for the 
deliberately close coupling in the prior art vas to take 

25 advantage of the known flow profile Incident upon the 

downstream vane portion or vane set, the lack of smooth, 
undisturbed streamline flow on the downstream elements can 
result in unwanted turbulence and premature boundary layer 
separation leading to high losses in turning conditions. 

30 The losses Imposed on the air flow could also be substantial 
In the non-tnrning conditions because of the proximity of 
the fixed vanes to the compressor blades. The Improvements 
of the present Invention are Intended to circumvent these 
problems. 

35 tn accordance with the purpose of the Invention, as 

embodied and broadly described herein, the Improvement In 
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rotary appaiatos for compressing a compressible fluid of the 
kind having a plurality of compreEsor blades mounted on a 
rotating hub positioned in a compreBsor housing, a preferred 
fluid flow path extending through the housing, the housing 

5 having a duct portion extending upstream of the compressor 
blades relative to the fluid flow path and determining, in 
part, the fluid flow path, compriees means for controllably 
varying the fluid mass flow rate through the compreEeor 
Including a first set of guide vanes in the said duct 

10 portion for imparting an initial degree of swirl to the 

fluid entering the duct portion relative to the direction of 
xotatlon of the compressor hub; and a second set of guide 
vanes positioned in the said duct portion upstream of the 
compressor blades, the vanes of the second set being 

15 moveable about their axes> the second vane set being 

poeitioned a distance downstream of the first vane set along 
the fluid floa path sufficient to permit substantial decay 
of the turbulence imparted to the flowing fluid by the first 
vane set prior to the swirling fluid reaching the second, 

20 moveable vane set, the second moveable vane set serving for 
changing the degree of swirl in the fluid to a final degree 
of swirl corresponding to a desired compressor fluid mass 
flow rate. 

Preferably, the first vane set is fixed, and the - 
25 individual guide vanes in the first vane set are configured 
and oriented to_ impart about +10* to +15* of swirl to the' 
Incoming fluid relative to the axis and direction of 

It Is further preferred that the first vane set and the 
30 second moveable vane set cooperate to provide final fluid 
Bwirl of from about 0° to +32° at the Inlet to the 
compressor blades, relative to the axis and direction of 
rotation of the compressor. 

Also In accordance with the present invention, as 
35 embodied and broadly described herein, the method of 

throttling the compressible fluid mass flow rate through a 
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rotary compreeBor of the kind having a plurality of 
compresEor blades on s rotating hub and having an inlet 
region including a duct determining, in part, the flow path 
of the Incoming fluid to the compressor blades, compriees 

5 the steps of Imparting a first, initial degree of swirl to 
the Incoming fluid relative to the axis and direction of 
rotation of the conpressor; removing turbulence in the 
swirling fluid Induced by the Initial swirl Imparting step; 
and Imparting a second, controllably variable degree of 

10 swirl to the swirling fluid to change the degree of ewlrl in 
the fluid to a desired value prior to admitting the fluid to 
the compressor blades, Che aforementioned steps being 
accomplished in the compressor inlet region. 

The accompanying drawings Illustrate one embodiment of 

15 the invention and, together with the description, serve to 
explain the principles of the present Invention. Eeferenee 
will now. therefore be oade in detail to the present 
preferred enbodioent of the invantlon, an exanple of vhlch 
is Illustrated In the acconpanylng drawings. In vhlch:- 

20 Fig. 1 is a schenatlc partly radially sectional view 

of pact of a compressor apparatus associated with a single 
shaft gas turbine engine and embodying the present 
Invention; 

Fig. 2a is a diagram showing the inlet air flow path 
23 through tUe compressor section for low power operation of 
the gas turbine engine shown in 71g. 1; aqd 

Fig. Zb Is a diagram showing the Inlet air flow path 
through the compressor of Fig. 1 at high turbine power 
operation. 

30 In Pig. 1, there Is shown schematically a single shaft 

compressor 10 used to Increase the pressure of a gaseous 
fluid such as air. The compressor 10 Includes a bousing 12 
surrounding a hub 14 on which ace mounted compressor blades 
16. The hub 14 is rotatable about ao axis 18 (represented 

35 by a chain-dotted line in the ?lg. 1). The compressor 10 is 
shown in Fig. 1 to be of the centrifugal type. With an 
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entrance 20 to the compressor blades 16 predoLlnantly in the 
axlel direction In relation to the axis 18 and with the 
compressor gas leaving the conpressDr 10 at an exit 22 
substantially in the radial direction. However, the 

use with centrifugal compressors, and the scope of the 
present invention Includes axial compressors as well as 
Bixed axial and radial flow coopressor devices. 

The ImprovementB constituting the present Invention 
10 enable the pressure ratio and the mass flow rate to the 

corapressor 10 to be controlled esBeottally Independently of 
the rotational speed of the compressor. This is an 
especially Important advantage in certalu applications such 
ae where the compressor is driven at essentially constant 
IS speed such as by a synchronous device or where, such as. 
shown in Fig. 1, the coopressor is used in a recuperated 
single shaft gas turbine engine application. The present 
invention also can be utilized to advantage in a two shaft 
nachioe because although aoue decrease in the gas mass flow 
20 rate occurs with the decrease in rotational speed of the gas 
generator in such naehtnes, additional redactions can he 
achieved using the present invention. 

Fig. 1 shows the compressor 10 associated with a heat 
exchanger 20, a comhustor'32 and a turbine 34, all 
25 Illustrated schematically. According to well-known 

principles, the compressed air emanating from the compressor 
exit 22 is channeled by appropriate ducting 40 through the 
heat exchanger 30 where it is heated prior to admission to 
the combustor 32, such as by the exhaust gases channeled 
30 from an exit 42 of the turbine 34 by ducting 44. The heated 
compressed air la then combusted with fuel in the conbustor 
32 and the combustion gases are conveyed by ducting 36 and 
admitted to the turbine 34 at a turbine inlet 38 for 
subsequent expansion and extraction of mechanical work. 
35 The turbine 34 is shown co-axial with Che axis 18 of the 

compressor 10, but other configurations can be Implemented 
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depending upon the particular application. 

It is undetEtood ttiat the af oreaantlonad heat exchanger 
30, and ducting 36, 40, 44 may be constructed as Integral 
paitB of housing 12 and/or the turbine housing (not shovn) 
and are depicted as separate conponents In Fig. 1 narely for 
convenience of description. Also, the preheating of the 
conpressed air can be accomplished by channeling the 
ccDpressed air emanating from the compressor exit 22 past 
vaciouB structural components soch as the combustor 32 
housing (not shown) and the turbine housing for cooling 
these compoaeats. Although such an arrangement may not have 
all the thermodynamic advantages of a fully recuperated gas 
turbine engine, other advantages, such as extended lifetimes 
for structural and rotating conponents and better control 
over hydrocarbon and nitrogen oxide (BOX) enlsslons, may be 
achieved. For example, it is desirable to utilize lean 
burning corabustors to control NOX enlssions hut this 
requites precisely controlling the £n«l/air ratio over the 
entire operating range. It is fat easier to control the 
fuel/air ratio if the air mass flow rate can be controlled 
during part load operation, such as by use of the present 
invention. Thus, the scope of the present Invention is 
Intended to include these latter applications as well as the 



^operated gas 



irblne engine application depicted in- 



Fig. 1. 

In accordance with the present invention, means are 
provided for controllably varying the fluid mass flow rate 
through the compressor, the means including a set of final, 
moveable guide vanes positioned upstream of the compressor 
blades. As embodi 
an inlet duct port 



I 50 is , 



herein, the compressor 
a 50 extending upstream 
along the inlet air flow p; 
idesignated by arrows 54). Tl 
as having a shroud side 50b, 
.et 66. A set of guide vanes 



sing 12 has 
the 

I inlet duct 
a hub side 
iZ having 



leading edges 52a and trailing edgss S2b are positioned in 
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the conpreBSor Inlet duct portion, 50 upstrean of the 
coDpreseor Hades 16, and the function o£ the vanes 52 le to 
inpart a final controllably variable degree of sulrl to the 
fluid in the flow path 54, relative to the direction of the 
5 rotation of the hub 14 about eompreasor axle 18, the final 

degree of swirl corresponding to the desired conpressor mass 
flow rate. The vanes 52 are attached to the inlet duct 
portion 50 by a blade mounting assembly 56 which provides 
for rotational movement of the vanes 52 about the respective 
10 vane longitudinal axis 58 such ae to present a varying angle 
of attack to the Incident air flow 54. Changes in the 
angular orientation of the vanes 52 about the axis 58 are 
accomplished through a lever asBembly 60 attached to the 
vanee 52, hut any suitable mechanical, hydraulic or other 
15 actuating mechanism can be used. Actuating mechanisms such 
as the lever asseably 60 can he automatically controlled by 
conventional controller means (not shown) in accordance with 
desired operating conditions, or would be ImnediBtely 
evident to those skilled in the art. 
20 Preferably, the vanes 52 are positioned In the inlet 

duct portion 50 adjacent the compressor entrance 20 and 
proximate the compressor blades 16 along the flow path 54 
for the following reasons. The vanes 52, however, should be 
spaced from the compressor blades 16 by a distance 
25 sufficient to allow any wake generated in tha inlet air by 
the vanes 52 to close before the Inlet air reaches the 
blades 16. The ]£lnal flow profile incident upon the 
compressor blades '16 will be determined by the vanes 52 as 
will be discussed hereinafter, and the proximity of the 
30 vanes 52 to tbe compressor blades 16 will secure definition 
of the final swirl profile insofar as there will be nlnlmal 
Interaction with the inlet duct portion SO. It Is also 
preferred for essentially the same reasons that the vanes 52 
be located in a region of the duct portion 50 wherein the 
3S average streamline velocity at the leading edge of the vanes 
is at least about 70X and, more preferably, 'more than about 
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SOX of the average screanllne velocity at the conpceseor 

In accordance with the present invention, there is 
further provided a set of initial guide vanes 62 for 

5 Imparting an initial degree of sHirl to the inlet air 
entering the compressor, relative to the axis IS and 
direction of rotation, of the compressor, thus dividing or 
sharing the total turning between the two separate sets of 
guide vanes 62 and 52. As embodied herein, the vanes 62 are 

10 positioned in the inlet duct portion 50 upstream of the 
ooveable vanes 52 along the flow path 54 and near an air 
Inlet region 66. Thus, the Inlet air entering the 
compressor 10 along the flow path 54 at the inlet 66 is 
influenced first hy the guide vanes 62 and then second hy 

15 the guide vanes 52 before being admitted to the eoapressor 
blades 16. 

Freferably, the vanes 62 present to the air flov 
entering the Inlet duct portion 50 at the inlet 66 along the 
£lou path 54 an angle of attack that remains constant In. 

20 tine during operation of the compressor 10 over the entire 
range of load conditions, although Che angle may vary 
spatially along the vane axis to achieve a desired 
aerodynanlc flow pattern In a particular Inlet duct 
configuration. ?or instance, in the .configuration for duet 

25 portion ^0 shown in Fig. 1, the velocities neat the shroud 
side 50a will be higher than the inlet air velocities near 
the hub side 50h. Thus, the portion of the vane 6Z near the 
bub side nay °have a greater angle of attack than the shrood 
side portion giving rise to 4 "twist" in the profile of the 

30 vanes 62.. Xhe vanes 52 can also have a twist to further 
match the incident flow profile, that is, to provide a 
spatially constant angle of attack to the air flow incident 
from the vanes 62. In general, the "twist" in the vanes 52 
will be less than that in the vanes 62. 

35 To achieve an angle of attack that is constant in time, 

the vanes 62 can be permanently fixed in the inlet duct 
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portion 50 such as by making than an Integral housing 
structural menber or can be attached by suitable faetenlng 
means. As shoun in Fig. 1, the vanes 62 are fastened by a 
bolting mechanlSD 64 to pernit adjustment changes in the 

5 angle of attack of the vanes 62 during Initial assembly of 
the gas turbine apparatus or during subsequent servicing 
outages, la order to ableve optimum results. 

Importantly, the distance between the Initial guide 
vanes 62 which impart a constant degree of initial swirl to 

10 the inlet air and the final, moveable guide vanes 52 which 
impart a final degree of swirl to the inlet air, depending 
upon operating load condition, is such as to permit the 
turbulence induced by the vanes 62 to become essentially 
decayed in order to provide substantially invariant 

15 streamline flow across the flow area of the flow path 54 
immediately upstream of the vanes 52. This positioning 
enables the novsable vanes 52 to be aerodynanlcally 
decoupled from the guide vanes 62 to the extent that 
premature boundary layer separation on the vanes 52 will no 

20 be Induced by asymaetrical , undecayed wake from the 
vanes 62. 

It is estimated that spacing the trailing edges 62h of 
the vanes 62 from the leading edges 52a of the vanes 52 by 
distance of greater than or equal to aboot one chord length 

25 of the vanes 62 should provide essentially fully decayed 

turbulent flow incident upon the vanes 52. Preferably, the 
vanes 62 should be located In a region of relatively low al 
flow velocities so that the full load losses are small and 
on the order of about less than 30X of the average steamlin 

30 flow velocity at the compressor entrance 20 and, more 
preferably, less than about lOZ. For reasonable duct 
configurations, such as that shown in Fig. 1, this 
lequireDent entails a physical separation distance of at 
least one chord length of the vane 62 and usually two to 

35 three chord lengths, thus ensuring fully decayed flow at th 
leading edges 5 2a. 
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In the centrifugal apparatus disclosed In Fig. 1, the 
vanes 62 are located in the inlet region 66 of the inlet 
duct portion 50. The flow path 54 in the Inlet region 66 Is 
predominantly in the radial direction. The moveable guide 

5 vanes 52 are located at the exit of the inlet duet portion 
50 near the compressor entrance 20 in a region where the 
flow path 54 Is predominantly axial and where average 
streamline flow velocities on the order of about 250 
meters/second occur. One skilled in the art could determine 

10 without undue analysis or experimentation an appropriate 
separation distance for a given compressor inlet duct 
configuration given the present disclosure. 

It is also preferred citat Che guide vanes 62 are 
configured and oriented ta the inlet ducC portion 50 Co 

15 impart about +10* to +15* of initial swirl to the Incoming 
fluid under all Curhlne load conditions, the degree of 
initial swtrl being measured immediately upstream of the 
vanes 5 2 along the flow peth S4, relative to the axis 18, 
and with the direction of rotation of Che hub 14 

20 establishing the positive direction. Hlth reference to 

Figs. 2A and 2B, the angle of initial swirl is shown by the 
angle ot, which is positive as it is in Che direction of 
rotation of the hub 14 (designated hy arrows). 

It is still further preferred that the moveable vanes 

25 52 are configured and oriented by a lever assembly such as 

Che assembly 60 to InparC a further final degree of swirl in 
the fluid incident upon the compressor blades Ifi 
(represented by the angle^ in Figs. 2K and 2B) ranging from 
about 0' to -(■32* for Che mazimuB and mtniaua turbine load 

30 conditions, respectively, -for the apparatus in Fig. 1. the 
guide vanes 52 should be capable of changing the relative 
direction of the air incident on the vanes 52 from the vaaes 
62 from about -20° to +20° depending upon the turbine load. 
With specific reference to Figs. 2A , 2B which depict 

35 the invention being used in the compressor component of a 
gas turbine engine operating «t mlnlman and maximum load 
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conditions, reBpectlvely , it is clear that the orientation 
of the -vanes 52 at minimum turbine load is such as to 
increase the positive degree of swirl induced by the vanes 
62 while at maximun load conditions the orientation of the 
5 moveable vanes 52 is such ss to Impart negative swirl to 
eliminate or correct the final degree of sulrl In the 
combustion air to the 0* aaximuo load design condition for 
the coopressor 10 shown In V±g. 1. If the particular 
turbine apparatus Includes a compressor having a design 
10 point with a finite, non-zero (positive or negative) degree 
of svirl, the preferred ranges of the settings for initial 
set of the vanes 62 and final, moveable vanes 52 would be 
adjusted accordingly, as would be evident to one sicllled in 
the art upon reading this disclosure. 
15 Because of the aerodynamlcally decoupled nature of the 

relationship betveen the vanes 62 and the moveable vanes 52, 
a certain amount of analysis and/or experimentation will be 
necessary In a particular application to determine the 
angular settings and tirists of the vanes 62 and the vanes 52 
20 needed to effect the desired final degree of svirl at the 
entrance to the compreesor blades 16, particularly in 
applications such as that shown In ?ig. 1 wherein the 
compTesEor Inlet duct portion 50 contains substantial 
changes In the flow path 54 direction between the vanes 62 
2S and 52. However, the penalties in terns of Increased design 
cost are outweighed by the expected increase in overall 
efficiency of the turbine unit, particularly at low load 
conditions where large final swltl angles can be achieved on 
stable basis. This Increased low load efficiency also Is 
30 expected to outweigh the slight degradation In performance 

at the nsxinum or design load due to the additional preseare 
drops incurred in the inlet duct portion 50 to, in effect, 
first induce swirl and then remove the swirl in the inlet 
air Incident upon comprepscr 16. Although the use of 
35 moveable vanes for the vanes 62 would overcome the 

deficiency, and is considered to be within the scope of the 



I 
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present: Invention, the exttz complexity makes such aa 
embodiment not as preferable as the fixed vane 62 embodiment 
shown and described hereinbefore. 

It will be apparent to those skilled In the art that 
various modifications and variations could be made in the 
Improved meetis for controlling the mass flow rate in a 
compressor and the corresponding improved method for 
achieving control of the mass flow rate without departing 
from the scope or spirit of the invaiiitlon- 
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CLAIMS 

1. Rotary apparatus for compressing a conpresslble fluid 
of the kind having a plurality of compressor blades (16) 
nounted on a rotating hub (14) positionsd in a coopresBor 
housing (12,50), a preferred fluid flou path (54) extending 

5 through the housing (12,50), the housing (12,30) having a 
duct portion (SO) extending upstrean of the compressor 
Hades (16) relative to the fluid flow path (54) and 
deternlnlng, in part, the fluid flow path (54), and 

means (52,62) for controllably varying the fluid nass 

10 flow rate through the compressor, characterised in that the 
said means Includes;- 

a) a first set of guide vanes (62) in the said duct 
portion (50) for imparting an initial degree of swirl to the 
fluid entering the duct portion (50) relative to the axis 

15 (18) and direction of rotation of the compressor hub (14); 
and 

b) a second set of guide vanes (52) positioned in the 
duct portion (SO) upstream of the compressor blades (16), 
the vanea (52) of the second set being moveable about their 

20 axes, the second vane eet (52) being positioned a distance 
. downstreaa of the first vane set (62) along the fluid flow 
path (54) sufficient to permit substantial decay of the 
turbulence imparted to the flowing fluid by tlie first vane 
set (62) prior to the swirling fluid reaching the second, 

25 moveable vane set ° (52), the second, moveable vane set (52) 
serving for changing the degree of swirl in the fluid to a 
final degree of swirl Incident upon the compressor blades 
(16) corresponding to a desired compressor fluid mass flow 

30 2. Rotary apparatus according to claim 1, wherein the 

second, moveable vane set (52) is positioned upstream of and 
adjacent to the compressor blades (16). 

3. Rotary apparatus according to claim 1, wherein the duct 
portion (50) has a predominantly radial inlet portion (66) 



- 14 - 



0072701 



and a predominantly axial exit portion C20), the fluid flow 
path (54) undergoing a substantial angular change in 
direction through the duct portion (50), and wherein the 
first vane sat (62) is located In the inlet portion (66) and 
5 this second moveable vane set (52) Is located In the exit 
portion (20). 

- 4. Rotary apparatus according to claim 1, wherein the 
individual guide vanes in the first vane set (62) are 
configured to impart about +10° to +15' of swlrl to the 
10 Inconlng fluid relative to the axis (18) and direction of 
rotation of the compressor hub (14). 

5. Rotary apparatus according to claim 1, wherein the 
Individual guide vanes in the second, moveable vane set (52) 
are moveable to change direction in the fluid Incident 

15 thereupon by about -20* to +20*, the diraetlon of rotation 
of the compressor huh (14) establlshlne the positive 
direction. 

6. Rotary apparatus according to claim 1 or claim 4, 
wherein the first vane set (62) and the second, moveable 

20 vane set (52) cooperate to provide final fluid swirl of from 
about 0° to +32* at the inlet to the compressor blades (16), 
relative to the axis (18) and direction of rotation of the 
compressor hub (14). 

7. Rotary apparatus according to claim 1, wherein the 
25 first vane set (62) is essentially fixed. 

8. Rotary apparatus according to claim 1, wherein the 
first vane set (62) Is positioned in a region of the duct 
portion (50) having average streamline fluid velocities of 
less than about 30X of the average streamline velocities at 

30 the compressor blades (16). 

9. Rotary apparatus according to claim 8, wherein the 
first vane set (62) is positioned in a region of the duct 
portion (50) having average streamline fluid velocities less 
than about lOS! of the average streamline velocities at the 

35 compressor blades (16). 

10. Rotary apparatus according to claims 1 or 8, wherein 
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the second, moveable vane set (52) Is poGitloned in a region 
of the duct portion (50) having average streamline fluid 
velocities of at least 7 OZ of the average streamline fluid 
velocities at the compresfior blades (16). 
5 11. Rotary apparatus according to claln 9 or 10. wherein 

of the duct portion (50) having average streamline fluid 
velocities of greater than about 80Z of the average 
screamline fluid velocities at the conpretsor blades (16). 
10 12. Rotary apparatus according to elain 1, wherelTa at least 
about one first vane chord length separates the trailing 
edges of the first vane set (62) front the leading edges of 
the second, moveable vane set (52). 

13. Rotary apparatus according to claia 12, wherein the 
15 separation distance Is about 2-3 chord lengths. 

14. An air-breathing, variable load recuperated gas turbine 
engine of the kind having a rotary compressor section (10) 
for compressing the air for combustion, a confaustor (32) for 
combusting the compressed air with fuel to produce 

20 combustion gases, a turbine (34) for recovering mechanical 
work from the combustion gases, and apparatus (30) for 
recovering heat values from the combustion gases and heating 
the compressed air prior to combustion using the recovered 
heat values, the compressor (10) further including a 

25 plurality of compressor blades (16) mounted on a rotating 
hub (14 )positioned -in a compressor housing (12,50), the 
compressor housing (.12,50) having a preferred air flow path 
(54) extending therethrough, and also having a duct portion 
(50) extending upstream of the compressor blades (16) 

30 relative to the air flow path (54), the duct portion (50) 
determining. In part, the air flow path, and 

means (62,52) for controllably varying the air mass 
flow rate through the compressor (10) and to the combustor 
(32) to maintain highest possible turbine section Inlet 

35 temperatures over varying turbine load conditions, 

characterised in that the air mass flow rate varying means 



0072701 



- 16 - 

Includes 

a) a first set of guide vanea (62) In the duct portion 
(50) for Imparting an Initial degree of swirl to the fluid 
entering the conpressor housing Inlet (66) relative to the 

5 axis (18)' and direction of rotation of the compressor hub 
(14){ and 

b) a second set of guide vanes (SZ) positioned In the 
duct portion (SO) upstream of the compressor blades (16), 
the vanes (52) of the second set being moveable about their 

10 axes (SB), the second vane set (54) being positioned e 

distance downstream of the first vane set (62) along the 
fluid flow path (54) sufficient to permit substantial decay 
of the turbulence Imparted to the flowing fluid by the first 
vane set (62) prior to the swirling fluid reaching said 

IS second, moveable vane set (52), 

the second, moveable vane set (52) changing the degree 
of swirl In the fluid to a final degree of swlxl 
corresponding to a predetermined turbine load condition. 

15. A method of throttling the compressible fluid mass flow 
20 rate through a rotary compressor (10) of the kind having a 

plurality of compressor blades (16) on a rotating hub (14) 
and having an inlet region Including a duct (50) 
determining. In part, the flow path of the incoming fluid to 
the compressor blades (16), t:he method being characterised 
25 by the steps of:- 

a) imparting a first, initial degree of swirl to the 
Incoming fluid relative to the axis (18) and direction of 
rotation of the compressor; 

h) removing turbulence in the swirling fluid Induced 
30 by the initial swirl imparting step; and 

c) imparting a second, controllably variable degree of 
swirl to the swirling fluid to change the degree of swirl in 
the fluid to a desired final value prior ,£o admitting the 
fluid to the compressor blades, steps a)-c) being 

35 accomplished in the duct (50). 

16. k netbod according to claim 15, wherein the first swirl 
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Imparting step is perforned at a location along the fluid 
flow path (54) a distance upstream of the location where the 
second variable swirl Imparting step is performed sufficient 
to allow the induced turbulence to decay naturally. 
)7, A method according to claim IS or 16, wherein the 
second, variable swirl Imparting step is accomplished by 
vaclabae angle guide vane means (52) positioned in the fluid 
flow path (54), and wherein the first swirl Imparting step 
is accomplished by fixed angle guide vans neana (62) 
positioned In the duct (50) upstream of the variable guide 
vane means (52). 

18. A method according to claim 15, wherein about +10° to 
+15* of Bwlrl relative to the axis (18) and direction of 
rotation are imparted to the incoming fluid in the first 
swirl imparting seep, measured immeditely upstream of the 
location in the fluid flow path where the second, variable 
swirl imparting step Is carried out. 

19. A method according to claim 15, wherein the second, 
variable swirl imparting step changes the direction of the 
incident fluid from about -20° to +20°. 

20. A method according to claim 15, wherein the second, 
variable swirl imparting step together with the first swirl 
Imparting step provide a final swirl of between about 0' to 
+ 32° prior to admitting the fluid to the compressor 

blades (16). 

21. A method according to claim 15, wherein the second, 
variable swirl imparting step Is carried out in a region of 
average streamline fluid velocities of at least about 702 of 
the average strEsmline fluid velocities at the compressor 
blades (16). 

22. A method according to claim 15, wherein the first swirl 
inpartlng step Is carried out in a region of average 
streamline fluid velocities of less than about 30% of the 
average streamline flow velocities of the compressor 
blades (16). 

23. A method according to claim IS, wherein the duct (50) 
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has a predoninately redlal inlet portion <66> and a 
predominately axlal'exlt portion (20), the first Bwlrl 
Imparting step being carried out In the inlet portion (66) 
and the second, variable swirl Imparting step being carried 
5 oat In the exit portion (20). 

24. A method according to claim 17, wherein the fixed guide 
■»anc means (62) Includes fixed guide vanes, end wherein the 
first swirl imparting step location is. separated by a 
distance greater than about one fixed guide vane chord 

10 length from the second swirl imparting step location. 

25. K method of throttling Inlet air flow rate to the 
combustor (32) In a recuperated gas turbine engine of the 
type having a rotary compressor (10) with a plurality of 
compressor blades (16) on a rotating hub (14) and with an 

15 Inlet region including a duct (50) determining, in part, the 
flow path (54) of the incoming air to the coopreesor blades 
(16), for maintaining highest possible turbine inlet 
temperatures over variable load conditions, the method being 
characterised by the steps of: 

20 a) imparting a first. Initial degree of swirl to the 

Incoming air relative to the axis (18) and direction of 
rotation of the compressor (10); 

b) removing turbulence in the incoming air induced by 
the preliminary swirl imparting step; and 

25 c) imparting a second, variable degree of swirl to the 

incoming air to change the degree of swirl in the ait to a 
final desired value corresponding to a piedeteinnlned turbine 
load condition prior to admitting the air to the compressor 
blades (16), the steps a)-c) being accomplished la the 

30 duct (SO). 
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